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Technical Field 

The present invention concerns stable dispersions or compositions of gas filled microvesides in aqueous 
carrier liquids. These dispersions art generally usable for most kinds of applications requiring gases homoge- 
S neousJy dispersed in liquids. One notable application for such dispersions is to be injected into Dying beings* 
for instance for ultrasonic echography and other medical applications. The invention also concerns the meth- 
ods for making the foregoing compositions Including some materials involved in the preparations, for instance 
pressure-resistant gas-fiOed micro bubbles, microcapsules and microbaJloona. 

10 Background of Invention 

It is weO known that microbodies or microglobules of air or gas (defined here as mlcrovesides). e.g. mi- 
crobubbles or mlcrobaOoons, suspended in a liquid are exceptionally efficient ultrasound reflectors for echog- 
raphy. In this disclosure the term of •mlcrobubbie' specifically designates hollow spheres or globules, filled 

75 with air or 8 gas, in suspension In a liquid which generally result from the introduction therein of air or gas in 
divided form, the liquid preferably also containing surfactants or tenaides to control the surface properties and 
t he stabiity of the bubbles. The term of "microcapsule* or "mierobafloon" designates preferably air or gas-fiHed 
bodies with a material boundary or envelope, Le. a polymer membrane wall. Both mlerobubbles and microbaU 
loons are useful as ultrasonic contrast agents. For Instance injecting into the bloodstream of living bodies sus- 

20 pensions of alr-f Bled mlerobubbles or microballoons (in the range of 0.5 to 1 0 urn) in a carrier liquid wilt strongly 
reinforce ultrasonic echography imaging, thus aiding in the visualization of internal organs. Imaging of vessels 
and internal organs can strongly help in medical diagnosis, for instance for the detection of cardiovascular and 
other diseases. 

The formation of suspensions of microbubblea in an injectable liquid carrier suitable for echography can 
25 be produced by the release of a gas dissolved under pressure In this liquid, or by a chemical reaction generating 
gaseous products, or by admixing with the liquid soluble or insoluble solids containing air or gas trapped or 
adsorbed therein. 

For instance, in US-A-4,446,442 (Schering), there are disclosed a series of different techniques for pro- 
ducing suspensions of gas mlerobubbles in a sterilized injectable liquid carrier using (a) a solution of a tenside 

so (surfactant) In a carrier liquid (aqueous) and (b) a solution of a viscosity enhancer as stabllzer. For generating 
the bubbles, the techniques disclosed there indude forcing at high velocity a mixture of (a), (b) 8nd air through 
a small aperture: or Injecting (a) Into (b) shortly before use together with a physiologically acceptable gas; or 
adding an acid to (a) and a carbonate to (b), both components being mixed together just before use and the 
acid reacting with the carbonate to generate CO z bubbles; or adding an over-pressurized gas to a mixture of 

35 (a) and (b) under storage, said gas being released into mlerobubbles at the time when the mixture is used for 
injection, 

EP-A-131,540 (Schering) discloses the preparation of microbubble suspensions in which a stabilized in- 
jectable carrier liquid, e.g. a physiological aqueous solution of salt or a solution of a sugar like maltose, dex- 
trose, lactose or galactose, la mixed with sdid micro partides (in the 0.1 to 1 um range) of the same sugars 
40 containing entrapped air. In order to develop the suspension of bubbles in the liquid carrier, both liquid and 
solid components are agitated together under sterile conditions for 8 few seconds and, once made, the sus- 
pension must then be used Immediately, Le. it should be injected within 5-10 minutes for echographic meas- 
urements; Indeed, because they are evanescent the bubble concentration becomes too low for being practical 
after that period. 

45 In an attempt to cure the evanescence problem, mlcrobaJloons. Le. mlcrovesides wit h a material wall, have 
been developed. As said before, while the microbubblea only have an Immaterial or evanescent envelope. Le. 
they are only surrounded by a wail of liquid whose surface tension is being modified by the presence of a sur- 
factant the micro balloons or microcapsules have a tangible envelope made of substantive material, e.g. a poly- 
meric membrane with definite mechanical strength. In other terms, they are microvesides of material in which 

so the air or gas b more or less tightly encapsulated. 

For instance. US-A-4,276,885 (Tlckner etal.) dlsdoses using surface membrane microcapsules containing 
a gas for enhancing ultrasonic images, the membrane induding a muIbpOdty of non-toxic and non-antigenic 
organic molecules. In a dlsdosed embodiment these microbubbles have a gelatine membrane which resists 
coalescence and their preferred stzs is 5-10 um. The membrane of these microbubbles b said to be sufficiently 

55 stable for making echographic measurements. 

Alr-f Died micro balloons without gelatin are dlsdosed In US-A-4,71 8.433 (Feinstein). These microvesides 
are made by sonicatfon (5 to 30 kHz) of protein solutions like 5% serum albumin and have diameters In the 2- 
20 um range, mainly 2-4 um. The microvesides are stabilized by denaturation of the membrane forming protein 
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after sonication, for instance by using heat or by chemical means, e.g. by reaction with formaldehyde or glu- 
taraldehyde. The concentration of stable microvesides obtained by this technique is said to be about 8 x 10*/ml 
in the 2-4 urn range, about 106 /ml in the 4-5 um range and (ess than 5 x 10 s in the 5-6 um range. The stability 
time of those microvesides is said to be 48 hrs or longer and they permit convenient left heart imaging after 
5 intravenous injection. For instance, the sonicated albumin miaobubbles when injected into a peripheral vein 
are capable of trans pulmonary passage. This results in echocardiography opadf Ication of the left ventricle 
cavity as weO as myocardial tissues. 

Recently, still further improved microballoons for Injection ultrasonic echography have been reported in 
EP-A-324.938 (Widder). In this document there are disdosed high concentrations (more than 10«/mj) of air- 
to filled protein-bounded microvesides of less than 10 urn which have life-times of several months or more. Aqu- 
eous suspensions of these microballoons are produced by ultrasonic cavitation of solutions of heat denaturable 
proteins, e.g. human serum albumin, which operation also leads to a degree of foaming of the membrane-form- 
ing protein and Its subsequent hardening by heat. Other proteins such as hemoglobin and collagen were also 
said to be convenient in this process. The high storage stabHIty of the suspensions of microballoons disdosed 
is in EP-A-324.938 enables them to be marketed as such, Le. wfttithe liquid carrier phase, which is a strong 
commercial asset since preparation before use is no longer necessary. 

Similar advantages have been recently discovered in connection with the preparation of aqueous micro- 
bubble suspensions, Le. there has been discovered storage-stable dry pulverulent composition which will gen- 
erate long-lasting bubble suspensions upon the addition of water. This is being disclosed in Application PCT/EP 
20 91/00620 where liposomes comprising membrane-forming lipids are freeze -dried, and the freeze-dried lipids, 
after exposure to air or a gas for a period of time, will produce long-laab'ng bubble suspensions upon simple 
addition thereto of an aqueous liquid carrier. 

Despite the many progresses achieved regarding the stability under storage of aqueous mfcrobubble sus- 
pensions, this being eft her in the precursor or final preparation stage, there st3l remained until now the problem 
25 of veside durability when the suspensions are exposed to overpressure, e.g. pressure variations such as that 
occurring after injection In the blood stream of a patient and consecutive to heart pulses, particularly in the 
left ventride. Ac&afly, the present inventors have observed that for instance in anaesthetised rabbits, the 
pressure variations are not suffident to substantially alter the bubble count for a period of time after injection. 
In contrast, in dogs and human patients, typical miaobubbles or microballoons f illed with common gases such 
30 as air. methane or COj win collapse completely in a matter of seconds after injection due to the blood pressure 
effect This observation has been confirmed by others: For instance, S. GOTTUEB et el. in J. Am. Soc of Echo- 
cardiography 3 (1990) 238 have reported that cross- finked albumin microballoons prepared by the sonication 
method were losing all echogenic properties after being subjected to an overpressure of 60 Torr. It became 
hence important to solve the problem and to increase the useful life of suspensions of microbubbles and men> 
ss brane bounded microballoons under pressure in order to ensure that echography measurements can be par- 
formed In vivo safely and reprodudbiy. 

It should be mentioned at this stage that another category of echogenic Image enhancing agents has been 
proposed which resist overpressures as they consist of plain microspheres with a porous structure, such por- 
osity containing air or a gas. Such microspheres are disdosed for instance in VVO-A-91/12823 (DELTA BIO- 
40 TECHNOLOGY). EP-A-327 490 (SCHERING) and EP-A-456 079 (HOECHST). The drawback with the plain 
porous microspheres b that the encapsulated gas-f Sled free apace Is generally too small for good echogenic 
response and the spheres lack adequate elasticity: Hence the preference generally remains with the hollow 
microvesides and a solution to the collapsing problem was searched. 

<5 Olsdosure of the Invention 

This problem has now been solved by using gases or gas mbaures In conformity with the criteria outlined 
in the daims. Briefly, it has been found that when the echogenic microvesides are made in the presence of 
a gas, respectively are filled at least in part with a gas, having physical properties in conformity with the equa- 
60 tion below, than the microvesides remarkably resist pressure >60 Torr after injection for s time suffident to 
obtain reprodudble echography measurements: 

S* VMW 0M 

In the foregoing equation. V designates the solubilities In water expressed as the *8UNSEN" coefficients, 
55 Le. as volume of gas dissolved by unit volume of water under standard conditions (1 bar. 25*C). and under 
partial pressure of the given gas of 1 atm (see the Gas Encydopaedia, Elsevier 1976). Since, under such con- 
ditions and definitions, the solubility of sir a .0167, and the square root of tea average molecular weight (Mw) 
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ts 5.39, the above relation simplifies to: 

In trie Examples to be found hereafter there Is disdosed the testing of echogenie mterobubbles and mi- 
crobaltoons (see the Tables) filled with a number of different gases and mixtures thereof, and the correspond* 
s ing resistance thereof to pressure Increases, both In vivo and in vitro. In the Tables, the water solubility factors 
have also been taken from the aforecited Gas Encyclopaedia from VAir Uquide", Elsevier Publisher { 1876). 

The microve sides in aqueous suspension containing gases according to the invention include most mt- 
erobubbles and microbanoons disdosed unta now for use as contrast agents for echography. The preferred 
microbaUoons are those disdosed in EP-A-324.938, PCT/EP9 1/0 1706 and EP-A-458 745; the preferred mi» 
ro cro bubbles arc those of PCT/EP9 1/00620; these micro bubbles are advantageously formed from an aqueous 
liquid and a dry powder (microveside precursors) containing (amedarized freeze-dried phospholipids and sta- 
bilizers; the mterobubbles are developed by agitation of this powder in admixture with the aqueous liquid car- 
rier. The microballoons of EP-A-458 745 hsve a resilient Interfaciafly precipitated polymer membrane of con- 
trolled porosity. They are generally obtained from emulsions into microdroplets of polymer solutions in aqueous 
is liquids, the polymer being subsequently caused to precipitate from its solution to form a fUmogenic membrane 
at the droplet/liquid interface, whJch process leads to the initial formation of liquid-filled microvesldes, the lio- 
uid core thereof being eventually substituted by a gss. 

In order to carry out the method of the present invention. le. to form or fill the microvesldes. whose sus- 
pensions in aqueous carriers constitute the desired echogenie additives, with the gases according to the fore* 
x going relation, one can either use, as a first embodiment a two step route consisting of (1) making the micro- . 
vesides from appropriate starting materials by any suitable conventional technique in the presence of any suit- 
able gas. and (2) replacing this gas originally used (first gas) for preparing the microvesides with a new gas 
(second gas) according to the invention (gas exchange technique). 

Otherwise, according to a second embodiment one can directly prepare the desired suspensions by suit- 
25 able usual methods under an atmosphere of the new gas according to the invention. 

If cne uses the two-step route, the initial gas can be first removed from the vesides (for instance by evac- 
uation under suction) and thereafter replaced by bringing the second gas into contact with the evacuated prod- 
uct or alternatively, the vesides still containing the first gas can be contacted with the second gas under con- 
ditions where the second gas will displace the frst gas from the vesides (gas substitution). For instance, the 

39 veside suspensions, or preferably precursors thereof (precursors here may mean the materials the microve- 
side envelopes are made of, or the materials which, upon agitation with an aqueous carrier liquid, w3l generate 
or develop the formation of mterobubbles in this liquid), can be exposed to reduced pressure to evacuate the 
gas to be removed and then the ambient pressure Is restored with the desired gas for substitution. This step 
can be repeated once or more times to ensure complete replacement of the original gas by the new one. This 

is embodiment applies particularly well to precursor preparations stored dry, e.g. dry powders which will regen- 
erate or develop the bubbles of the echogenie additive upon admixing with an amount of carrier liquid. Hence, 
in one preferred case where microbubbles are to be formed from an aqueous phase and dry laminanzed phos- 
pholipids, e.g. powders of dehydrated lyophDized liposomes plus stabilizers, which powders are to be subse- 
quently dispersed under agitation h a liquid aqueous carrier phase, it is advantageous to store this dry powder 

40 under an atmosphere of a gas selected according to the invention. A preparation of such kind w3J keep indef- 
initely in this state and can be used at any time for diagnosis, provided ft Is dispersed into sterile water before 
injection, 

Otherwise, and this is particularly so when the gas exchange is applied to a suspension of microvesides 
in a liquid carrier phase, the latter is flushed with the second gas unta the replacement (partial or complete) 

45 Is sufficient for the desired purpose. Rushing can be effected by bubbling from a gas pipe or, in some cases, 
by simply sweeping the surface of the liquid containing the vesides under gentle agitation with a stream (con- 
tinuous or discontinuous) of the new gas. In this case, the replacement gas can be added only once in the 
flask containing the suspension and allowed to stand as such for a while, or ft can be renewed one or more 
times in order to assure that the degree of renewal (gas exchange) is more or less complete. 

so Alternatively, in a second embodiment as said before, one wfll effect the full preparation of the suspension 
of the echogenie additives starting with the usual precursors thereof (starting materials), as recited in the prior 
art and operating according to usual means of said prior art but in the presence of the desired gases or mixture 
of gases according to the invention instead of that of the prior art which usually recites gases such as air, ni- 
frogen, C0 2 and the like. 

as tt should be noted that in general the preparation mode involving one first type of gas for preparing the 
microvesides and. thereafter, substituting the original gas by a second kind of gas, the latter being intended 
to confer different echogenie properties to said microvesides, has the following advantage: As win be best seen 
from the results In the Examples hereinafter, the nature of the gas used for making the mlcrovesidea, partic- 
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ularly the microbailoons with a polymer envelope, ha* a definitive influence on the overall size (Le. the average 
mean diameter) of said miooveslcJes; for instance, the size of microbailoons prepared under air with precisely 
set conditions can be accurately controlled to fan within a desired range, e.g. the 1 to 10 urn range suitable for 
echographying the left and right heart ventricles. This not so easy with other gases, particularly the gases in 
conformity with the requirements of the present invention; hence, when one wishes to obtain micro vcs ides in 
a given size range but filed with gases the nature of which would render the direct preparation impossible or 
very hard, one wil much advantageously rely on the two-steps preparation route. Le. one wiP first prepare the 
micrbvesldes with a gas allowing more accurate diameter and count control, and thereafter replace the first 
gas by a second gas by gas exchange. 

In the description of the Experimental part that follows (Examples), gas-f Oied rnicrovesides suspended it 
water or other aqueous solutions have been subjected to pressures over that of ambient It was noted that 
when the overpressure reached a certain value (which Is generally typical for a set of microsphere parameters 
and working conditions like temperature, compression rate, nature of carrier liquid and its content of dissolved 
gas (the relative importance of this parameter wil be detailed hereinafter), nature of gas filer, type of echogenic 
material, etc.), the rnicrovesides started to collapse, the bubble count progressively decreasing with further 
increasing the pressure until a complete disappearance of the sound reflector effect occurred. This phenom- 
enon was better followed optically, (nephelometric measurements) since it Is paralleled by a corresponding 
change in optical density, La the transparency of the medium increases as the bubble progressively collapse. 
For this, the aqueous suspension of rnicrovesides (or an appropriate dilution (hereof) was placed in a spec- 
trophotometry eel) maintained at 25° C (standard conditions) and the absorb ance was measured continuously 
at 600 or 700 nrn, while a positive hydrostatic overpressure was applied and gradually increased. The pressure 
was generated by means of a peristaltic pump (GIlSOrTs Mini-puls) feeding a viable height liquid column con- 
nected to the spectrophotometry ceil, the latter being sealed leak-proof. The pressure was measured with a 
mercury manometer calibrated in Torr. The compression rate with time was found to be linearly cor related with 
the pump's speed (rpm's). The absorbance in the foregoing range was (bund to be proportional to the micro- 
vesicle concentration in the carrier liquid. 

Figure 1 1s a graph which relates the bubble concentration (bubble count), expressed in terms of optical 
density in the aforementioned range, and the pressure applied over the bubble suspension. The data for pre- 
paring the graph are taken from the experiments reported in Example 4. 
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Figure 1 shows graphically that the change of absorbance versus pressure is represented by a sigmoid* 
shaped curve. Up to a certain pressure value, the curve b nearly flat which indicates that the bubbles are 
stable. Then, a relatively test absorbance drop occurs, which indicates the existence of a relatively narrow crit- 
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cal region «rth,n which any pressure increase has a rather dramatic effect on the bubble count When ad the 
nwovesides have disappeared, the curve levels off again. A critical point on this curve was selected in the 
middle between the higher and lower optical readings. Le. intermediate between the TulP-bubble (00 mas) 
and tho -no'-bubble (00 min) measurements, this actually corresponding where about 50% of the bubbles 
5 initially present have disappeared. La where the optical density reading is about half the initial reading this 
being set. in the graph, relative to the height at which the transparency of the pressurized suspension is ma.. 
imei (base fine). This point which la also in the vicinity where the slope of the eurve is maximal is defined aa 
the critical pressure PC. It was found that for a given gas. PC does not only depend on the aforementioned 
parameters but also, and particularly so. en the actual concentration of gas (or gases) already dissolved in 
ta the carrier liquid: the higher the gas concentration, the higher the critical pressure. In this connection, one 
can therefore Increase the resistance to collapse under pressure of the mieroveaidea by making the carrier 
phase saturated with a soluble gas. the latter being the same, or not (La a different gas) as the one that f Ills 
the vesides. As an example, air-filled microvesides could be made very resistant to overpressures (> 120 Terr) 
by using, as a carrier liquid, a saturated solution of CO* Unfortunately. Ihia /lading is of limited value In the 
ts diagnostic field since once the contrast agent Is injected to the bloodstream of patents (the gas content of 
which s of course outside control). It becomes diluted therein to such an extent that the effect of the gas oris, 
mally dissolved in the Injected sample becomes negligible. 

Another readOy accessible parameter to reproducibly compere the performance of various gases as mi- 
crosphere fillers a the width of the pressure interval (aP) limited by the pressure values under which the bubble 
counts (as expressed by the optical densities) is equal to the 75% and 25% of the original bubble count Now 
8 has been surprisingly found that for gases where the pressure difference DP = P„ . P„ exceeds a value of 
about 25 • 30 Torr. the killing effect of the blood pressure on the gas-filled microvesides a minimized. Le the 
actual decrease in the bubble count is suffidently slow not to impair the significance, accuracy end reprodu- 
obifity of echographic measurements. 
» It was found. In addition, that the values of PC end eP also depend on the rate of rising the pressure In 
the test expedients illustrated by Fig. 1, La in a certain interval of pressure increase rates (ag. in the range 
of several tens to several hundreds of Torr/min). the higher the rate, the larger the values for PC and aP Per 
tha reason, the comparisons effected under standard temperature conditions were also carried out at the eon- 
stant increase rate of 100 Torr/min. It should however be noted that this effect of the pressure increase rate 
30 on the measure of the PC and AP values levels offfor very high rates: for instance the values measured under 
rates of several hundreds of Torr/min are net significant different from those measured under conditions ruled 
by heart beats. 

Although the very reasons why eertain gases obey the aforementioned properties, while others do not. 
have not been entirely clarified. It would appear that some relation possibly exists in which, in addition to mo- 

as ecular weight and water solubility, dissolution kinetics, and perhaps other parameters, are involved. However 
those parameters need not be known to practise the present invention since gas eligibility can be easiy de- 
termmed according to the afdredlscuased criteria. 

The gaseous species which particularly suit the invention are. for instance, halogenated hydrocarbons Ilka 
the freons and stable fluorinated chalcogenidee like SF* SeF, and the like. 

« It has been mentioned above that the degree of gas saturation of the liquid used as carrier for the mioo. 
vesides according to the invention has en importance on the veslde stability under pressure variation*. Indeed, 
when the carrier liquid In which the microvesides are dispersed for making the echogenk suspensions of the 
invention is saturated at equilibrium with a gas, preferably the same gaa with which the microvesides are filled 
the resistance of the microvesides to collapse under variations of pressure Is markedly increased. Thus, when 
the pnodud to be used as a contrast agent is sdd dry to be mixed just before use with the carrier liquid (see 
for instance the products disdosed In PCT/EP91 /00620 mentioned hereinbefore), (t is quite advantageous to 
use, for the disperaion. a gas saturated aqueous carrier. Alternatively, when marketing ready-to-use mtaove- 
side suspensions as contrast agents for echography, one win advantageously use as the carrier liquid far the 
preparation a gas saturated aqueous solution: in this caae the storage life of the suspension wOl be consider- 
ably increased and the product may be kept substantially unchanged (no substantial bubble count variation) 
for extended periods, for instance several weeks to several months, and even over a year in special cases. 
Sabjration of the liquid with a gas may be effected most easDy by simply bubbling the gas into the liquid for a 
penod of time at room temperature. 

» Example 1 

Albumin microvesides filled with air or various gases were prepared as described In EP-A- 324 g38 using 
e 10 ml calibrated syringe filled with a 5% human serum albumin (HSA) obtained from the Blood Transfusion 
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effect* tor 25 see (energy setting = a, iSStS^L £ 1 ^ 8yrin 9 e and «""»*n was 

tha 6 ml mark and sonicate wa S rcs^l!^?? Msrai5td above the soluton levd upa 

nignt a, 4-C. a top Uyer cnnta^TS^ 
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mosphe*. air fled ""ooLeo^^^S^^^ "t?* ^ «• "*K 
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a stream of this fl38 flowing on tha ^aJShetl!^^ 
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Tha various suspensions of microballoons f» J^k!*, *'"> the desred gas before sealing, 
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bancs was recorded while ^^^^^^2!? ** ***•" abo " e and the abs£ 
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TABLE 1 

Sample Gas Mw solubL Bubble Bubble PC(Torr) Sgas/V 

itty count size Mw 

(108/ml) ffiml 

.0038 0.8 S.1 120 



APrel 


CF 4 


88 


AFre2 


CBrFs 


149 


ASF1 


SF 6 


146 


ASF2 


SF 8 


146 


AN1 


N 2 


28 


A14 


Air 


29 


A18 


Air 


29 


A19 


Air 


29 


AMel 


CH4 


16 


AKrl 


Kr 


84 


AX1 


Xe 


131 


AX2 


Xe 


131 



•004S 0.1 11.1 104 
•005 13.9 6.2 150 



0004 
0004 
-0004 

•°° 5 2.0 7.9 140 .0004 
0144 0.4 7.8 62 .0027 
01 67 3.1 11.9 53 <0031 
•0167 3.8 9.2 52 
0167 1.9 9.s si 
•032 0.25 8.2 34 .008 
•059 0.02 9.2 86 .006 
108 0.06 17.2 65 .009 
•108 0.03 16.5 89 .009 



™»» durable echoganicllgnala in v^a cl^X^l ^. besides filled with such gases will provide 
gasaolubOJty. 8 * 8n ^^^^'""•^•^bolestegeneiallyincreaseewfch 

Example 2 

vein^T^t^ 

— carried out in the grayscale 'J^^^™'"***™***** 

9 30 AaBOn 128 " XPS -chogmphy apparatus and a 7.5 MHz trans. 
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ducaAThe duration of contrast enhancement in the left ventricle was determined bv recnrdi™ . K « , . 
e penod of tune. The n*uits a„ garnered in Table 2 below when aiso enow* Si? SSJ^J^ f0r 
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Sample (Gas] 


Duration of 


PC (TorrJ 




contrast (sec) 




AMel (CH 4 ) 


zero 


34 


A14 (air) 


10 


53 


A18 (air) 


11 


52 


AXl (Xc) 


20 


65 


AX2 (Xe) 


30 


89 


ASF2(SPe) 


>60 


140 



of Z m Z the ^T e T?*' an 8 " tha exi5tfincfi of a deflnte ""elation between the critical pressure 
of the gases tned and the persistence in time of the echogenic signaL P^ure 



Example 3 



t^LTST ? f 09 !" 10 a,r - fiDed fl a,ac "»« mtempertides (Echovisc® Iron, SCHER1NG AG) was ob- 
*ned by rtakjng for S see 3 g of the solid miereparWes In 8.5 ml of a 20% gaiactosa solution. I , o7he?oVet 
arabons. the air above a portion of Echovist® pa/Odes was evacuated (0 J Want n^JLT&Z. 

^ UOnd °, u Wafl 0bt8 * nei A "" ucrt8 < 1 *9 * »• suspensions wen, administered £ S 
mental rahbrts (by ejection in the jugular vein) and imaging of the heart was effected a. da J*h2L 

we o oeiow anew rne value of signal peak intensity a few seconds after Injection. 

TABLE 3 

Sample No Gas Signal peak 

(arbitrary units) 



Gall air 114 

4s CaS2 sir 108 

131 



so 



Gal3 SF 6 
CaI4 SF 6 UO 

, " ^j" auHW hexafluoride. an Inert gas with tew water solubifty. provWw echogemc suspen- 

Z u^to^^T 9 i ! teachings of EP-A-44 1 488and 357 163 (SCHERIMG) whchdSe 

•n^™ .. v • lto9edo ™ ,to «'e not however report particular advantages of SF6 over other 
more common gaaea with regard to the echogenic response. B over 
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Example 4 



' fortify 01 ° Ch0fleniC ""I"*™ " ««• P«P— ^ th. eene*! me «hod set 

water we* added and the ^^^^ 
'^nsionofmultilan^ 

m and 0.8 „m polycarbonate membranes (Nudep^ Af^^ J l!I SWK ^ 3 

The popery samp.ee were then 10 l^^fSE "T^T * T< * ,ft 4 

m a spectrophotometry cell which w^hiISLT,« '^osedm Example 1 by measuring the optical density 
bubbles hJoZSd TWutaie cSeES t^UTI"* """^ hydrea,a,ic ««■ J 

flJves also the J T ^ 8dda, '° n 10 "* ^ ^ 



TABLE 4 



Sample 
No 



LFrel 
LFre2 
LSP1 
35 LFre3 
LI 
L2 
4s LArl 
LXrl 
LXcl 
LFre4 



Gas 



CF 4 
CB1F3 
SF 6 
C4F 8 
air 
air 
At 
Kr 
Xe 
CHCIF2 



Mw 



88 
149 
146 

200 
29 
29 
40 

84 

131 

86 



Solubility 


Bubble 


PC 




inH 2 0 


count 
(lQS/mll 


(Torr) 


(Torr) 


.0038 


1.2 


97 


35 


.0045 


0.9 


116 


64 


.005 


1.2 


92 


58 


.016 


1.5 


136 


145 


.0167 


15.5 


68 


17 


.0167 


11.2 


63 


17 


.031 


14.5 


71 


18 


.059 


12.2 


86 


18 


.108 


10.1 


92 


23 


.78 


• 


83 


25 



in.hi.reoardAfco.tne^^^ 

eollapse/pwasure curves (Le. AP «t e S h«ner molecular weights provide the flattest bubble- 
abtliry it, Z. as Shrill ^ ~* " *» " roportam * «*Pon*e dur- 

Examples 

duration ofthepen*^ 
^ Table 5 below 
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TABLE S 



Sample No 




v-onirasi uuranon 

15CC/ 


LI 


Air 


38 


12 


Air 


29 


LMel 


CH4 


47 


LKrl 


Krypton 


37 


LFrel 


CF 4 


>J20 


LFre2 


CBrF3 


92 


LSFl 


SF 6 


>112 


LFre3 


C4F8 


>120 



These results indicate that, again in the case of rofcrobubbles, the gases according to the criteria of the 
present Invention will provide ultrasonic echo signal for a much longer period than most gases used unti now. 

Example 6 

Suspensions of mJcrobubWea were prepared using different gases exactly as described in Example 4, but 
replacing the ledthin phospholipid ingredient by a mole equivalent of diarachidoytphosphatldytcholine (C» fatty 
add residue) available from Avanti Polar Upids, Birmingham, Alabama. USA. The phospholipid to bCP mdar 
ratio was still 9/1. Then the suspensions were pressure tested aa in Example 4; the results, collected In Table 
6A below, are to be compared with those of Table 4^ 



TABLE 6A 



Sample 


"type of 


Mw.of 


Solubi- 


Bubble 


PC 


AP 


No 


gas 


gas 


lity In 


count 


(Torr) 


(Torr) 








water 


(108/tnl) 






LFrel 


CF 4 


88 


.0038 


3.4 


251 


124 


LFre2 


CB1F3 


149 


.0045 


0.7 


121 


74 


LSFl 


SF 6 


146 


.005 


3.1 


347 


>150 


LFre3 


C4F8 


200 


.016 


1.7 


>350 


>200 


LI 


Air 


29 


.0167 


3.8 


60 


22 


LBul 


Butane 


58 


.027 


0.4 


64 


26 


LArl 


Argon 


40 


.031 


3.3 


84 


47 


LMel 


CH4 


16 


.032 


3.0 


51 


19 


LEU 


C 2 Hs 


44 


.034 


1.4 


61 


26 


LKrl 


Kr 


84 


.059 


2.7 


63 


18 


LXel 


Xe 


131 


.108 


1.4 


60 


28 


LFre4 


CHCIF2 


86 


.78 


0.4 


58 


28 
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The above results, compared to that of Table 4. show that at least with bwsdubtfity gases, by lengthening 
the chain of the phospholipid (any acid residues, one can dramatically increase the stabBity of the echogenb 
suspension toward pressure Increases, This was further confirmed by repeating the foregoing experiments 
but replacing the phospholipid component by its higher hometog, Le. c>behenoy^phosphatidylcholine (C a fatty 
add residue). In this case, the resistance to collapse with pressure of the microbubbles suspensions was stifl 
further increased. 

Some of the microbubbles suspensions of this Example were tested in dogs as described previously for 
rabbits (imaging of the heart ventricles after Injection of 5 ml samples in the anterior cephalic vein). A significant 
enhancement of the useful in- vivo echogenic response was noted, in comparison with the behavior of the prep- 
arations disclosed in example 4, i.e. the increase in chain length of the fatty-add residue in the phospholipid 
component increases the useful life of the echogenJc agent in-vivo. 

In the next Table below, there is shown the relative stability in the left ventricle of the rabbit of microbubbles 
(SF6) prepared from suspensions of a series of phospholipids whose fatty add residues have different chain 
lengths (<injeeted dose: 1 ml/rabbit). 



TABLE 6B 

Phospho- Chain length PC Duration of 



lipid (Cnl (Torr) (Torr) contrast 

(sec) 

DMPC 14 57 37 31 

DPPC IB 100 76 105 

DSPC 18 115 95 120 

DAPC 20 266 190 >300 



It has been mentioned hereinabove that for the measurement of resistance to pressure described in these 
Examples, a constant rate of pressure rise of 100 Torr/mm was maintained. This Is Justified by the results given 
below which show the variations of the PC values for different gases In function to the rate of pressure increase, 
In these samples DMPC was the phospholipid used. 



Gas PC (Torr) 

sample Rate of pressure increase fTorr/min) 





40 


100 


200 


SF 6 


51 


57 


82 


Air 


39 


50 


62 


CH4 


47 


61 


69 


Xe 


38 


43 


51 


Frcon 22 


37 


54 


67 



Example 7 

A series of albumin microbaHoons as suspensions in water wens prepared under elr in e controlled sphere 
size fashion using the directions given m Example 1. Then the air in some of the samples was replaced by 
other gases by the gas-exchange sweep method at ambient pressure. Then, after tfiuting to 1:1 0 with distilled 
water as usual, the samples were subjected to pressure testing as in Example 1. From the results gathered 
In Table 7 below, It can be seen that the two-steps preparation mode gives, in some cases, echo-generating 



11 



EP 0 554 213 A1 



agents with better resistance to pressure than the one-step preparation mode of Example 1. 



TABLE 7 



Sample 


Type of 


Mw of the 


Solubility 


Initial 


PC 


No 


gas 


gas 


In water 


bubble 
count 
(108/ml) 


(TorrJ 


A14 


Air 


29 


.0167 


3.1 


53 


A18 


■ Air 


29 


.0167 


3.8 


52 


A18/SF 6 


SF 6 


146 


.005 


0.8 


US 


A18/C 2 H6 


C 2 He 


30 


.042 


3.4 


72 


A19 


Air 


29 


.0167 


1.9 


51 


A19/SFe 


SF 6 


146 


.005 


0.6 


140 


A19/Xe 


Xe 


131 


.108 


1.3 


67 


A22/CF4 


CF 4 


88 


.0038 


1.0 


167 


A22/KT 


Kr 


84 


.059 


0.6 


85 



Example 6 

The method of the present Invention was applied to an experiment as disdosed in the prior art, for instance 
Example 1 WO-92/11873. Three grama of PluronidS F6S (a copolymer of poryoxyethytene-polyoxypropylene 
with a molecular weight of 8400), 1g of dipalfnitoytprmphatidyigfyeert (Na salt, AVANTl Poiar Lipids) and 3.8 
8 of glycerol were added to 80 ml of distilled water. After heating at about 80*C, a dear homogenous solution 
was obtained. The tenskje solution was cooled to room temperature and the volume waa adjusted to 100 mi. 
In some experiments (see Table 8) dipalmitoylpruttphatidyiglyeerol was replaced by 8 mixture of dtarachldoyK 
phosphatidylcholine {920 mg) and 80 mg of tfpaimitoyl phosphatide acid (Na salt. AVANTl Polar lipids). 

The bubble suspensions were obtained by using two syringes connected via a three-way valve. One of 
the syringes was filed with 5 mi of the tens Ida solution whfie the other was filed with 0.3 ml of air or gas. The 
three-way valve was filled with the tenstde solution before it was connected to the gas-containing syringe. By 
alternatively operating the two pistons, the tenside solutions were transferred bade and forth between the two 
syringes (5 times in each direction), mflky suspensions were formed. After dlution (1:10 to 1:50) with distilled 
water saturated at equfl ibrium with air. the resistance to pressure of the preparations was determined according 
to Example 1. The pressure increase rate was 240 Torr/min. The following results were obtained: 



TABLES 

_ Phospholipid Gas Pc (mm Hgj DP (mm Hri 

DPPG air 28 17 

DPPG SF 6 138 134 

DAFC/DPPA 9/1 air 46 30 

DAFC/DPPA 9/1 SF6 269 253 



it follows that by using the method of the invention and replacing air with other gases e.g. SF t even with known 
preparations a considerable Improvements Le. Increase in the resistance to pressure may be achieved. This 
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b true both in the case of negatively charged phospholipids (e.g. DPPG) and in the case of mixtures of neutral 
and negatively charged phospholipids (DAPC/OPPA). 

The above experiment further demonstrates that the recognised problem sensitivity of microbubbles and 
microbailoons to collapse when exposed to pressure i.e. whan suspensions are injected into living beings.' has 
advantageously been solved by the method of the invention. Suspensions with microbubbles or micro balloons . 
with greater resistance against collapse and greater stability can advantageously be produced providing sus- 
pensions with heller reproducibility and improved safety of echographic measurements performed in vivo on 
a human or animal body. 



Clalma 

1 A method for imparting resistance against collapsing to contrast agents tor ultrasonic echography which 
consist of gas-filled rnicroveaidea in suspension in aqueous liquid carrier phases. Le. either microbubbles 
bounded by an evanescent gas/liquid tnterfadsl dosed sv^facsy fir irtanbaltoo ns bounded by a material 
envdope. said collapsing resulting, at least in part from pressure increases effective e.g. when the said 
suspensions are Injected Into the bloodstream of patienb, said method comprising forming said moo- 
vesidea in the presence of a gas. or If the mcrovesides are already made filling them with this gas, which 
is a physiologically acceptable gas, or gas mixture, at least a fraction of which has a sdublity in water 
expressed In liters of gas by liter of water under standard conditions divided by the square root of the mo- 
lecular weight in daitona which does not exceed 0-O03. 

2. The method of daim 1, which is carried out in two steps, in the first step the micro vesides or dry precur- 
sors thereof are initially prepared under an atmosphere of a first gas, then in the second step at least a 
fraction of the first gas Is substantially substituted by a second gas, the latter being said physidogically 
acceptable gas. 

3. The method of daim 1, in which the physiologically acceptable gas used is selected from Sf* SeP* 
FrsonG such as CF* CBrF* C 4 F* CCIF* CCfeF* CjF,. C2CIF* C8rCIF 2 , CjCfeF* C8r 2 F 2 and C<F 10 . 

4. The method of daim 2. in which the gas used in the first step Is of a kind that allows effective control of 
the average size and concentration of the micro vesides in the carrier liquid, and the physiologically ac- 
ceptable gas added in the second step ensures prolonged useful echogenie Qfe to the suspension for in- 
vivo ultrasonic imaging. 

& The method of Claim 1, in which the aqueous phase carrying the microbubbles contains dissolved fSnv 
forming surfactants In lamellar or laminar form, said surfactants stabilizing the microbubbles boundary 
at the gas to liquid Interface. 

6. The method of daim 5, in which said surfactants comprise one or more phosphdipids. 

7. The method of daim 6, in which at least part of the phosphoHpids are in the form of liposomes. 

ft. The method of claim 8, in which at least one of the phosphdipids Is a dtacytphosphab'dyi compound where- 
in the acyi group Is a d tatty add residua or a higher homoiogue thereof. 

& The method of daims 1 and 2. In which the microballoon material envelope Is made of an organic pdymeric 
membrane. 

1 0. The method of daim 9, in which the pdymers of the membrane are selected from polytactic or pdyglycoTc 
add and their copdymera, reticulated serum albumin, reticulated haemoglobin, polystyrene, and esters 
of pofyglutamic and pdyaspartlc adds. 

11. The method of daim 1, In which the forming of the microvesidee with said physiologically acceptable gas 
Is effected by alternately subjecting dry precursors thereof to reduced pressure and restoring the pressure 
with said gas. and finally dispersing the precursors in a liquid earner. 

12. The method of daim 1. In which the filing of the microballoons with said physiologically acceptable gas 
is effected by simply flushing the suspension with said gas under ambient pressure. 
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11 The method of data 1, which comprises making the microvesides by any standard method known in th» 
art but operating under an atmosphere composed at least in part of said gaa. 

14 Suspensions of gas filled microvesides distributed ki an aqueous carrier liquid to bm used as contrast 
agents in ultrasonic echography, characterised in that the gas la phyaiofogicaDy acceptable and such that 
at least a portion thereof has a sofubiity in water, expressed in liter of gas by lit^ 
conditions, divided by the square root of the molecular weight which does not exceed 0.001 

1* The aqueous suspensions of daim 14. characterized In that the gaa h such that the pressure difference 
6P between those pressures which, when applied under etanda/d conditions and at a rate of about 100 
Torrftnin to the suspension cause the collapsing of about 75%, respectively 25%, of the microvesides 
Initially present, is at least 25 Torn 

1*. Aqueous suspensions according to daim 14. In which the microvesides are mierobubbles filled with said 
physiologically acceptable gas suspended in an aqueous canter liquid containing phospholipids whose 
tatty acid realdues contain 16 carbons or more 

17. Contrast agents for echography In precursor farm consisting of a dry powder comprising lyophOized lipo- 
somes and stabaizsrv. this powder being dispersive bi aqueous liquid carriers to form echogenfe sus- 
pensions of gas-Wed microbubbles. characterized in that * is stored under an atmosphere comprising a 
physiologically acceptable gas whose sdubtlity m water, expressed m liter of gas by liter of water under 
standard conditions, divided by the square root of the molecular weight does not exceed 0.003. 

10. The contrast agent precursors of daim 17. in which the liposomes comprise phospholipids whose fatty 
8dd residues have 16 or more carbon atoms. 
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